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Investigating the Stability of a Ribbed Cylindrical Shell
during Longitudinal Compression 1

by
I,Ya.Amniro (Kiev)
In contrast to a .ajority of known tnvestigations in t.is report the critical strecses
for a ribbed cylindrical shell are designated with consideration of discrete arrange-
ment of roinforeing riba., This offers the possibility of examining also such types
of stability losses, at which the ribs only bend or are only twisted and which cane
not be investignted when — bringing the prc blem down to the calculation of a struc—

turallye-orthotroric shell,

The problem of/gmthe critical longitudinalptresses is solved approxdima..
tely by an enerpgy methode It is considercd here, thct for ecylindrical cshells, rein-—
forced by ribs,the critical stresses of total loss in stabili.t;*:an be designated from
the viewpoint of small deformations,

1, Let us discuss a ribbed closed cylindrical shell, which has &'long the butteends
rigid diaphragms, We will desirnate the value of uniform districution of lomgitudinal
compressive stresses p, at which the shell under question may loose its stability,

A rivbed shell (drawing) consists of shell proper (walls) and reinforeing ribs

1.Report read on Jummary 28, 1960 at the All Union Conferencse on Thearetical and
Ar,1i2d lechanios,
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(etringers and bulkheads), To examine the wall we utilize the technical theory of
thin shalls‘_l’_[. The problem of investigating the performahece of a cylindrical shell
can be reduced to finding $wo functionss buckling w and function of stresses ?. In
conforrity with the number of unknown components the method leads to two differential
equations which bind these fumctions together, & will confine oursc¢lves to the being

satisfied with only one of these equations, with the ewyuations of deformation camp.ti-

bility al * a( l EM ' (l)
Fr 20x'0y’ + By T A

and instead of the equilibrium eguaticn we utilize the minimum conditions of the po-
tential energy of the sy:-tewm under considerat ion,

2. The potential energy of the syctem is desizpated as a funetiony,vwhich is car-
ried out by inner and outer forces whei tronsforiing th: s; stem from the deformed
state at the beginning, to nondeformed state,

The rotentisl enerpgy of internal forces consists of potential enerry of the very
shell U,, potentiul energy of stringers Ug aid potcatial enerpy of bulkheads Ub'
Assuming that the jointing of ribs with shell assures uniformity of rib deformation

corresyonding to the Jefornations of the choll, we finds

-2 T{G+4 ) é«—»[::;zfz; () s+
i I B o [ o

uc-Ej[ (,,,. o) 2 0f 3o

=i
» 2

=\‘ Bl ’'w K' 0w \? _ﬂ (2’_?__'0_’2

b= oy* + r + dxdy +2E ot oy L_‘Id.‘l- 4
j=10

In feraules (2) « (4) are dorinateds Decylindrical rizidity on hc shelly.seity

and Peri~=icity of the =iriuger during bendinsg aad torsion and the crea of ite later
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al cross section; k - number of stringersj By, Fl and kl ~ correspondinz vilues for
bulkheads,
The potential energy of erternal forces conslsts of thc work of lonpgitudinal for-—

ces, which act against the shell, and the work of lengitvdinal foreces which affect

the stringerss
7o T (55 5) - (Vo
2, 3,
(G- e o

3. The exprassion frr the bending of the shell, which lost stability, ic asccepted

in fornm of:
w-C,dnE:'—x-cosE"'—’+C.un—"-t';-£3i (6)

The first iter corrcoponds to synmetrical deformation, ani tie second cne - inverscely
symmeotrical with reupect to that dicmetral - ,nctricul arca of +the shell whers the ori—
gin of the coordinates is situatod. wrineipelly these deforrations cun be considered

as independent fro:m cach other,

Substituting the term for tie bending of the shell (€) iv the equation of de forma—
tion compatibility (l)aad untiein the remsining, we find with consicCeration of tre
cenditions on the butteends o function of iresses in su~h a forms

9-——{+Er -m—,"g—;;)-,—sm kC,cos y+c,sm-'—) )

where mir
m= 1

Rejlacing v andy respoctively by (6) and (7), for comglcic uiential encrgy

(3=U_ +U,+ Ty + T) we find

Sea page Jaz ter Ly &.
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X (C. coc- + C, sin "ya)

ST A - /.52-6//7‘2

= {@(ml + 'l')’

+Z[--_(,, —l)'sm'""'

nEF m‘ mé e 8\
7'" % ((T,:T::T{sm'__L

lEF m*

————

4
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+ ﬂhlf
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LeTo designate the oritical value of compressive stresses we utilize the comdakion

f:l;gst/
of minimum of the potential energy of the system. Iringluyg thejderivatives of the

potontial energy (8) down to zero, by the parameters C) und C, we will obtain two
(A+A‘)C1+HC.=0 'm ‘

vgquutions: HC, +(A+ A)Cy =0
where A i_!_l_D_ s 1 s 1 THIE m¢
A= Y+ (m’ PO
L a8, (" = 1)* ain? LA Ky o n® cos® XL 4
l r 2r r ;
=1 .
aEF, m*(m*—va?)® . mx =hl '
+ 2r, (fn'+n’)‘) sin® rL] ar m*p; 9
- . * -
IB_,, IEFm‘(a*—wm')* (Fm® s AU
A'-z{[ﬁm T m Ay e Pt
+ f;’;{: m® n# sin® 5}’—" ; (1)
IEF m¢ (r? — vm?®)? ywm3)* [Fm® ny,
Al- {[ e 2 (M4 AN T 5‘"'—,"'*'
K 3 8.0 .
+ GA™ A’ cos } (11a)
4 iB IEF m*(n*— vm*)? lFm' lK ny; ny,
"(’IF AT s AP T z"'" g
le]
) . : (12)
Since the distuucss Letwsen the siringers are idcatical,then the ordinate of the

2 r
i-stringer equals y3 = k (i-=1). Under such a condition it ic easy to shev that

R .
\Y_. Ay Ay
Lsm —’-COS—’--O . (]3)
Iml *

roeffizicnt I = 0o The s:-Sten of cquations (§) splits into twe inde.end2nt equationss

(A4+A)Ci=0 (14  (A+ A4)Ci=0. (15)
Zquatione (14) cocres;ond to %he sy swctrical, and equations (15) = inversely
avretrical form of deformation (with reupect +o this area of shell syimetryyic situe—

ated thc orisin of the coordinates),

FTU=T=(ze1(22/142 4




Losses in shell stability cor.es;ond to the change from zero velue Cj and Cae
In this way, the equations to designate the critical stresses of conditien A ¢ Ay = 0 and
A+ =0,

i 5¢ The general case of shell deformation during loss in stab.lity resulting in
deformation, st which the ribs reinforcing the shell become simultaneocusly bent and
distorted. The corresponding form of deformation is described by equations (6), be-
cause the number of half-waves along the ring 2n will not be a multiple to the number
of stringers (2nf njk), and the number of half waves slong the shell m will not be a
mltiple: @) at 1, = 1p number of bulkheads, increased by the uniy (m § ngky + 1));

b) at 1o = + number of bulkhudl ( = # mk)). Under such conditions it can be

showvn, that the sums, vhich are included in terms (10)=(12),pertain to s

A ]
Zcos"lg'- Zsin'!'-rﬂ = -g—: ~ (19)
im=) =] ’ .
at k' my L
0) npi I, = fy Ecos'-’—l Esin’ ! -l + ~ (17
1=l I=
of L \& '
6) npu l.- = 2_, Lan’ (18)
P =1

Expressions for A, ‘1 and Ap with incluaion of (16)-(18) is equalized:

nhlE mé 28,
4 (m* + ') +i

F 'm? — wn)? nhl
+:~T’§-‘ m? n® (2k, — &) + ai’l m("(‘a ) ky — O m* p; w

lK

(ﬂ"" ”.k. +

Am w (m' +n®) +

IEF m*(n® — vm?¥®  [Fm?

lB 4,‘ (m'+n"’ — 4" P k t‘.)

A -Ag m‘
]

lw
Tyt i pani ky ==k, <+ 1 npu lo =l Ta ky == k, npu lo--2—.

ll+

Here ko=k) + 1 at 1g = 1) and k; = k) at 10.%‘

Singe A) = Ay, then in the general case of deformation of the shell the lesses ia
stability from (14) and (15) we obtain one equation for the dcsignation of criticel
stressess A + A; = 0, Substituting instead of A and A} the expressions (19) end (20)

and designating from the obtained squation the critical longitudinal stresses, we

FID=-TT=62-1622/1+2 5




Et ¢ (n*—1)?
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In each concrete ocase for m and n it is necessary o select such numbers (integrals)
which correspond to the least value (21).
For a shell without ribsax = ,5 =7 = 'bl -Y, = 0 and the formula for oriti-

cal stresses has the form of :
@)

t

or o 1
Py ™= El[m + Té] .
It R”. is to be considered as a continuous funstion of+ then the smallest value

in expression (23) will be derived, when

o=2yzu=". v
In tihis case for eritical stresses vQ have the known formila (fer['f). PeL403)
Et Y
Py ™ V—’iﬁ' w)

6. In eddition to the general case of shell deformation, when the stringers (ribs)
reinforcing the shell bend and distort simultanecusly it is necessary to take into
consideration other instanges of shell deformation during loss in stability. In the
se individual cases the stringers or bulkheads or the first and the second together
only bend or became distortede Such forms of stability losses are described by formmi—
la (6), if for m and n are taken numbers which satisfy certain ratios, , Accepting,
for example, for the half-waves slong the rings numbers multiple to the number of
stringers (2n = n)k), we obtain a form of deformation, at which the stringers either

bend (at C;=0) or only twist (at C;=0). Such individual ceses of deformation of shells
may be eight (8) in toto (table 1,)
FID=TT=62-1622/1%2 6



TABLE 1,

1. Stringerse are only

bent

2. Stringers only twisted

3, Bulkheads only bent*

4. Bulkheads only twisted

5. Stringers only bent
Bulkheads only twisted

6. Stringers and bulkheads

only bent®*

7. Stringers and bulkheads

only bent*

8. Stringers and bulkheads only twicted

9. General

10. Instances of deformation
11, Conditions for numbers of half-waves

#*TPhis type of deformation is possible only in case b), when 1o = 1b .

,o' Bunaaxe acpapsatui

4‘ E LTI YT W T :uc-
' «  cen nluxmit.

s || s,

qd. 3araaeund l; ::n;'..(::+l) 2n ¥ nk 11k (am?4-3at)k :.k.gln:‘;!)—'+3,(2kl—k,)n‘\ THD, 41,k
1. Crpunrepu ﬂllbl(l'l ICHHAIOTHON 3 ::::(:‘H") 2n=nk 1427k 2um" a,k.(n.m—:gl-)'.;.ﬂ‘(ﬂ,-k,)n'l 2149, 4-1,4,0,
2. Crpuureps TinLkH 3axpysyloTHCA ;))::zl‘(:ll*'l) 2n=nk | 23knt A,-.h.‘"—'ﬁa"—. +3,(2k, —kg)n? ke
3 BlnauroyTi TinbkH 3rHHAOTHCH ® 6')3"_1(2,;: — 1)k, vk | 147k | (am'+3at)k z'ﬂlﬂ:"lm WO+ 21,40,
4 mnal;royru TiabKK 3aKpyqy0OTLCR ;; ::’2':“'(‘.“‘;*-') 2nynk 14k | (amd43ank . Bt "o,
g L S (RS VP s ho o,
e, i LI D, p| e || we | TR nA,
T Draeiey  unatTOyTY TinKH 3 m=@m—np,| 20=mt | 1+2k [ 2akm? ,,‘,l.(i"_:'lﬁ 20, +7,4,0)
lc.fg;:;e.grxi WNAHTrOYTH TiAbKH ;} ::m‘('k|‘+l) ?n-n.k 1 2“'; | L 28 bt 0
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Offering no sccurate conclusions for the imdividual ceses, conclusions whieh are
perfectly similar to the one given above in the general case, we will write the formulas

for eritical stresses in form of

. Prp = 1EL, (o /

vhere the coefficient 7 which for a ribless shell, as is evident, equals 4l -‘}3(1-‘,:)

for the discussed finned (ribbed) shells are designated by formula

rlEmsme s e aen] e

The coefficient y §y 5) and 8, of formula (27) are designated in comformity with
vith the case of deformation from table 1,

The numbers of half-waves m and 2m, which satisfy for each case of deformation
certain ratios (table 1), are selected so, that %) would have the smallest values.

From 9 possible sases of deformation (one general and eight individual) during loss
in stability we find this case to which the lowest value of critical stresases corres
poads,

7. Yo will imvestigate the stability of closed eylinrical shells om cohcrete

examples, We will consider at first & oylindrical shell ( r = 100 emy, h = 0,4 om),
which is reinforeed only by longitudimel ribs ( B = 33,3 Bj K= 50 G3 ¥ = 6,98 es?),
Assuming that the Peisson coefficient equals s = 0,1 we will designate by formulas (22)
she gtkm dimensionless parameters of the shell and stringerss ¢ = 0,004; o= 9.06;
’5. 5.23;1- 0.0278; ay =fL*T1" 0. For such a shell, in addition to the general
case of deformation, it is neeessary to take under comsideratiom two individual ones (the
first and second in table 1),

For shells of three lengths at different number of reinforeing ribs in table 2

are givem the lowest values of the coofﬁ.ciont!( s Which corresponds to three dis
cussed eases of deformation of a shell during the loss in stability. The lowest of
the three 'nl.uul for each number of ribs is designated in thick letters, For each

4‘ are givea corresponding numbers of half-waves m along the shell, and the number of

FD-TT-62-1622/1%2 8



waves 2 alomg the rimg. In parentheses for the purpose of comperison are given the
values......calculated without consideration of the members , which depend upon the
energy along the deformation of ribs, i.e, members proportional to the coefficient S,
in formula (27). On the basis of analysing data, given in sable 2, it is possible to
make the following comclusions,

The erisical stresses (26) for a shell, reinforeed only by longisudimal ribs,
depemd upon the length of the shelliwith an inereass in length the coofﬁoiontql o808
a rule, decreases,

In she general case of deformation with a rise in she number of longitudimal
ribs there is also a rise in the critical stresses, Not at any given number of ribs
vwe 40 have the the genarl form of stadility loss: at amall twin number of lengitudinal
ribs the critical stresses, which correspond to the indfvidual form of deformation,
at vhich the shell reinforeing ribs only bead, appear to be smaller, than in the gen
eral case of deformmtion; in this case the transformatien from unpeised to greater
by a unit of a paired mmber of ribs is accompenied by a considerable reduction in
critical stresses, For a great number of longitudinal ribs (shis number depends upon
the length of the shell) dpring loss in stability we have the general form of defer

mation, because these forms correspond to least critical stresses.

Table 2, {. Cases of deformation
2 General 7. individua)l
. Firss S, Seeomd

SEE PAGE 9a FOR TABLE 2,

FID-TT=62-1622/1+2 9



TABLE 2,

i 4, _Bunaun aedopmaull
[ . KA Oxpeni
3aranvuni - - -
JE v R . «f nepumi & Rpyruh
L]
‘ ' ) m| a " m n " m| a
llﬁ 1,554 (1,415) | 6 1,658 (1,632) 2 15 1354 8 16
J16t 1,591 (1,445) | 6 | 0,650 (0.564) 1 8 456 1 8
- 9| 1,807 (1,628) ] 6 | 3,865 (3,852 3 23 4751 12 | .23
941 1,836 (1,647) | 6 1,176 (1,152) | 12 1385 3 12
at | 2,003 (1,784) 1 6 | 6.645 (6,.440) 3 a1 |1138 ] 15 31
3] 2,101 (1866) 1 6 | 1,882 {1,852) 2 16 | 320 8 i6
151 1,078 (0977) | ] 1,658 (1.632) 4 15 | 1354] 15 15
16| 1,098 (0,995) | 5 0,650 (0,564) 2 8 4,56 2 8
i3] 1,223 (1.095) | 1 5 3,699 (3,659) 5 2 |[475]| 2 2
24| 1,240 (1,107) | 5 1,111 (1.064) 3 12 | 13,85 6 12
31 1,330 (1,184) | 5 6,445 (6,440) 6 31 1138 3l 3l
32| 1,351°(1,194) 1 5 1,747 (1,728) 3 16 | 320 16 16
=
15| 0,840 (0,773) 1 4 1,635 (1,613) 7 15 | 13,54| 30 15
16 | 0,851 (0,780) ] 4 0,628 (0,573) 3 8 456 4 8
4123|0910 (0,822) | 4 3,669 (3,659) 10 23 | 475 | 46 23
24 | 0,918 (0,827) 1 ] 4 1,059 (1,023) 5 12 | 13,85 13 12
31 | 0,084 (0,859) | 4 6,409 (6,403) 13 31 1138 63 31
321 0,970 (0,863) 1 4 1,747 (1,729) 6 16 | 320 | 32 16

PTD_TT-62-1622/1+42
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Valnes of she coefficient 7 calculated withous comsideration of members, which
depend upon the energy of lomgitudinal rib deformstion in mest unfavorable cases dif—
for by 10-13%., Since the energy method gives a higher valwe of critical stresses,
then it is permissibdle for practical calculations to utilise simplified formmlas,
whioch have a small flexwre in direction of reductiom,

8, let us examine a eylindrical closed shell (r = 100 em; 1 = 628 cm; h = 0,4 em),
reinfereed by 24 longitudinal ribe and a differens number of annular ridbs (k3 = 1, 2,
3)es Assuming shat stringers and bulkheads give lateral cross section 0, as
stringers in the foregoing shell, according so formilas (22) we designate the nonw-

Leg _

dimensionsl peremeters of the bulkheads 1@, = 94065 I
—_ B, = 5023 Y1 = 0,0278, Since the distance of the end bulk
heads from the frontal diaphragms 1is equal %0 the distanee between the bulkheads
(1o = 1p), then, in addition to the general case of deformation, it is necessary to
take into eonsideration also five imdividual ones,
In table 3 are listed the lowest valmes of the coefficient 71 s which correspend -
to six investigated instanses of shell deformatiem during loss in stability, For the
parpose of comparisoh are given wvalues frl o which correspond to upper coritical stres—~
ses, designated by formulas for structural-crthotropic shells (see [Sj.p-go 4§76) .
For nchql is given the eorresponding number of half wavea m slong the shell and nume«~
bers of waves n alalmg the c¢irecle,
On the besis of analysing data , given in table 3, we arrive at a eomclusioa,
that critical stresses, calculated by formulas for structural-crthotropic shells,
are quite close * to smch,vhich are designated for the general case of shell defer..
mation, But thle lowest critical stresses may correspond not to the general), bus to
one of the imdividual ocases of shell deformatiom during loss in atability, These
Wﬂtrosun caloulated by formulas for structural-crthotropic shell, appear

to be scmewhat lower than the ones, vhose formmlas 40 no$ consider the resistance
of ribs to twisting,

FTD=TT=62-1622/1+2 10



lowest oritical stresses are quite differents from the stresses of the general case
(for the shell under question by 30%).
lable 3. (SEE PAGE 12 FOR TABLE 3,)

9 Cases of defarmation

2, General

3, Individual

4 RTHOTROPIC SHELL

In this way, examination of the structurally-orthotropic shell, which made it
possible to imvestigate only the general case of shell deformation, at which the
Tibs reinfercing the ahell bend and twist qimltanomly. my be insufficient for
general analysis of a ribbed shell stability. The formulas suggested above allow,
in addition to the general, to examime also individual instances of deformation and
determine forms of deformation, to which least ocritsical stresses do correspond,
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TABLE 3,

&=l Ay =2 k=3
1. Bunaxxu Aedopmauil . " ‘m a ] m n v m |«
2. Saraasumh 205 | 1 | 3 {286 | 1 | 3 {280 3 |4
bzl lenla e el
3. Oxpeui 4 |nee| 2] 5 | ter] 3| 5 | 206 4] ¢
5 1,33 6 12 1,56 6 12 1,88 4 12
8 [4 | 12 1 12 9 | 12 |12 155 | 12 |0
¢ Oprorponua obononxa [ 191 | 1 | 3 J2a1 | 1 | 3 [260| 3 |4
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